Anoxic and iron-rich oceanic conditions prevailed throughout most of the Archean 19 and Proterozoic (4000 to c.540 million years ago, Ma), but the oceans are 20 hypothesised to have become progressively oxygen-rich during the Ediacaran-21
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The oxygen-deficient Proterozoic oceans (2500 to c.540 million years ago, 47 conditions has been difficult to constrain, because reconstructions have relied on 54 localised redox proxies that record heterogeneous oceanic conditions among 55 Neoproterozoic basins. Deepwater oxygenation has been recorded as early as 580 Ma 56 in some basins, but others remained largely anoxic into the early Phanerozoic 57 (Bowyer et al., 2017; Canfield et al., 2007; Wood et al., 2015) . In particular, a recent 58 compilation of Fe-speciation data, which records regional anoxia, from sediments 59 deposited below storm wave base in multiple basins, finds no statistically significant 60 trend towards oxygenation across the Ediacaran-Cambrian transition period (Sperling 61 et al., 2015) . Together, this suggests that widespread deep water oxygenation did not 62 occur until the Palaeozoic Era. However, such reconstructions based on localised 63 redox proxies have only limited potential to constrain global trends in marine redox 64 conditions due to incomplete coverage, bias in preserved facies, and hydrodynamic 65 controls on local redox conditions that do not relate to changes in atmospheric oxygen 66 levels. 67
Attempts to constrain the global extent of atmospheric and ocean oxygenation 68 commonly are based on i) constraints on the burial of organic carbon and sulfide 69 using carbon ( 13 C/ 12 C;  13 C) and sulfur isotopes ( 34 S/ 32 S;  34 S), ii) sedimentary 70 the different U isotopes (Abe et al., 2008 Wood et al., (2015) . 182
All samples were prepared and analysed for their δ 238 U composition at the 183
Centre for Trace Element Analysis, University of Otago, New Zealand following 184 protocols reported in SI-2. In brief, powders were subjected to a two-step reductive 185 and oxidative cleaning procedure to remove potential Mn-oxides and residual organic 186 matter (Clarkson et al., 2018) . Carbonate was then selectively digested using a 1M 187 sodium acetate buffer solution maintained at pH >5, which avoids attacking the 188 silicate fraction, as demonstrated by low Al concentrations (<20 ppm) ( Table S2) Regardless of the sensitivity of the model to various poorly constrained fluxes 374 and δ 238 U, our data cannot be explained simply by variation in the riverine 375 composition or the U isotope fractionation factor between anoxic sediments andseawater (∆anox). Importantly, only changing the size of the anoxic sink is able to drive 377 the δ 238 Usw to the very negative values observed in the Nama group, although 378 uncertainties in riverine δ 238 U and ∆anox will impact the scale of anoxic expansion 379 required to explain the data. The only way to reconcile our U isotope data with those 380 from 560-550 Ma is a dramatic expansion of marine anoxia from near-modern levels 381 to between 24% and 100% of the seafloor. 382 383 Gaojiashan is based on Cui et al., (2016) . The recorded range of the Nama
